Among many detrimental injuries, alcohol is implicated in hepatitis, fatty liver, hepatic fibrosis, and cirrhosis. The purpose of this study was to evaluate the protective effect of bio-active ceramic water on alcohol-induced hepatic injury in pigs. Twelve male Landrace pigs were divided into 3 groups. Groups 1, 2, and 3 were fed with bio-active ceramic water + normal liquid diet, bio-active ceramic water + liquid diet containing 15% ethanol, and tap water + liquid diet containing 15% ethanol for 12 weeks, respectively. For serological, histopathological, and immunohistochemical analysis, all pigs were sacrificed at week 12. In group 3, serum ALT and AST levels increased, and mild fatty change and moderate necrosis were detected in the liver. Collagen fibers, myofibroblasts, and CYP2E1 were also increased or activated in group 3. In group 2, there were mild hepatic injuries compared to group 3. However, injuries and activations were not observed in the liver in group 1. We suggest that the bio-active ceramic water used in the present study had protective capability against ethanol-induced hepatic injury and that having no toxic effect on the pig liver. The bio-active ceramic water might be useful as a therapeutic drinking water in patients suffering from alcoholic liver diseases.
Hepatic disease is induced by various toxicants such as alcohol, drugs, microbiological agents and other xenobiotics. Alcohol has been noted for causing hepatitis, fatty liver, fibrosis, and hepatic cirrhosis [15, 21] . Chronic ethanol ingestion increases blood markers such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT), indicating hepatic dysfunction, and leads to hepatic fibrosis. These phenomena can be made by generation of free-radicals via alcohol dehydrogenase (ADH) and the microsomal ethanol oxidation system (MEOS) involving the cytochrome P450 2E1 (CYP2E1). Both the ADH and the MEOS pathways generate the toxic metabolic acetaldehyde, which forms adducts with proteins, resulting in enzyme inactivation, decreased DNA repair and antibody production, glutathione depletion, mitochondrial toxicity, impaired utilization of oxygen, and increased collagen synthesis [22] . Fibrosis due to chronic ethanol intoxication is always accompanied by excessive oxidation of polyunsaturated membrane lipids and activation of CYP2E1 [5] . Activated hepatic stellate cells (HSC) play a key role in the production of matrix in the normal and fibrotic liver [6, 13] . They are activated by many stimulators such as inflammatory cytokines and growth factors [16] . Recently, many anti-fibrogenic agents such as N-acethylcysteine, S-adenosyl methionine (SAMe), polyenylphosphatidyl choline (PPC), and anti-oxidants (silymarin, alpha-tocopherol and selenium) have been noted in alcoholic liver disease [7, 10] . Dietary supplementation with vitamin E has been shown to reduce hepatic fibrosis in alcoholic liver injury animal models, suggesting that liver fibrosis is closely related to oxidative stress [33] . In this report, we investigated the hepatoprotective potential of bio-active ceramic water made by manufactured stone for alcoholic liver injury in pigs. The data showed significant hepatoprotective effects of active ceramic water on the alcohol-induced hepatic injury in pigs.
MATERIALS AND METHODS

Animals and treatments:
Bio-active ceramic water was made by passing normal tap water through bioactive multipurpose magnetized ceramic stones. The constituents of ceramics are described in Table 1 . The present study was performed using twelve male Landrace pigs weighing approximately 5 kg. All experimental procedures were performed in accordance with the NIH guidelines for the care and use of laboratory animals. Animals were divided into 3 groups (n=4) and kept in three different pigpens at the College of Veterinary Medicine, Kyungpook National Univer-* CORRESPONDENCE TO: Prof. JEONG, K.-S., College of Veterinary Medicine, Kyungpook National University, Daegu City 702-701, Republic of Korea. sity, with free access to specially designed autosupply tap water and the bio-active ceramic water system, which was designed with special ceramic stone. This ceramic stone can rapidly generate bio-active ceramic water sufficient for drinking water. Pigs were fed a freshly made liquid diet containing 15% ethanol three times per day at AM 08:00, PM 12:00, and PM 18:00 ( Table 2 ). Groups were fed for 12 weeks with bio-active ceramic water + normal liquid diet (G1), bio-active ceramic water + liquid diet containing 15% ethanol (G2), and normal tap water + liquid diet containing 15% ethanol (G3), respectively. At 12 weeks, all pigs were transported to a slaughter house and sacrificed for collection of tissue and blood samples. Serological analysis: Blood from each pig was drawn at the time of sacrifice. Collected sera were immediately frozen at -80°C until analysis. Serum ALT, AST, albumin and cholesterol were determined with an automated analyzer (Hitachi 736-10, Hitachi Co., Ltd). We referred the control values of ALT, AST, albumin, and cholesterol in normal pigs to the Text of Diseases of Swine [18, 19] .
Histopathological analysis: Three pieces of the liver from each pig were quickly removed and fixed in 10% neutral buffered formalin, processed routinely and embedded in paraffin. Sections were cut to 4 µm in thickness. Sections were stained with hematoxylin and eosin (H-E), and Azan stain. To evaluate the increase in quantity of collagen fibers, the width of collagen bundles were measured 10 different interlobular septa of three pieces of the liver randomly selected from each pig at 400-fold magnification per section, using an image analysis system (Matrox Graphics Inc., Quebec, Canada).
Immunohistochemistry: Sections of the liver were deparaffinized in xylene, dehydrated in graded alcohol series, and incubated in a solution of 3% hydrogen peroxide (H 2 O 2 ) in methanol for 10 min. Tissue sections were washed in PBS containing 0.03% nonfat milk and 0.01% Tween 20, and then immunostained with primary antibodies for α-SMA at a dilution of 1:800 (Sigma Co, Saint Louis, MO, U.S.A.) and CYP2E1 at a dilution of 1:200 (Chemicon International, Inc., Temecula, CA, U.S.A.). The antigen-antibody complex was visualized by a labeled streptavidin-biotin method using a Histostatin-plus bulk kit (Zymed Laboratories Inc., San Francisco, CA, U.S.A.) with 3,3-diamino benzidine (Zymed Laboratories Inc., San Francisco, CA, U.S.A.). Tissue sections were then rinsed in distilled water and counterstained with Mayer's hematoxylin. Non-immunized goat sera were used instead of the primary antibody as the negative control.
Statistical analysis: Data were expressed as mean ± SEM. For statistical analysis, t-test was employed. Values of P<0.05 were considered significant. 
RESULTS
Serological results: Normal porcine biochemistry reference intervals of feeder pigs on ALT, AST, albumin, and cholesterol are as follows [18, 19] ; ALT (15-46 U/L), AST (15-46 U/L), albumin (1.9-4.2 g/dL), and cholesterol (1.37-3.18 mmol/L or 40-128 mg/dL). Serological results of the present study are shown in Fig. 1 . Serum ALT and AST levels were significantly increased in G3 indicating hepatic insult, while they remained within normal range in G1 and G2. There were also increases of albumin synthesis in G1 and G2 as compared with G3. In G1 and G2, total cholesterol was also reversed to normal as compared with that of G3.
Histopathological results: Hepatic fatty change and fibrosis were successfully induced and identified in the ethanol-treated group (G3). The livers of G1 were within normal limits, and mild necrosis was observed in G2. G3 had mild fatty change in zone 1 region, while moderate necrosis was evident in regions of zones 2 and 3. To determine the extent of fibrosis, Azan staining for collagen was carried out and the significance was shown by the data on the width of collagen bundles in the interlobular septa (Fig. 2) . There was no necrosis or increase in collagen fibers in the livers of G1, indicating that there was no hepatic toxicity or fibrogenic effect of bio-active ceramic water. On the contrary, necrosis was evident in G2 and G3, the latter being more prominent, and collagen fibers significantly increased in G3 compared with those in G1 and G2 ( Fig. 3A-C) .
Immunohistochemical results: In G3, myofibroblasts (activated hepatic stellate cell and portal fibroblast) were successfully identified by α-SMA-positive staining. They appeared as spindle-shaped cell bodies with long processes especially in interlobular septa and areas around the central veins. However, the livers of G1 and G2 showed no and minimum fibrogenesis-dependent α-SMA expression, respectively ( Fig. 3D-F) , indicating inhibition of activation of hepatic stellate cells in these animals of G1 and G2. Ethanol inducible CYP2E1 was observed in liver sections from all experimental groups. Thus, immunoreaction of CYP2E1 was regarded to be normal in hepatocytes around the central veins in the livers of G1. Expression of CYP2E1 was acti-vated in the centrilobular hepatocytes, slightly in the liver of G2, and significantly in that of G3 ( Fig. 3G-I) .
DISCUSSION
Alcohol is oxidized primarily in the liver, and the main pathway involves ADH producing acetaldehyde [22, 23] . A toxicological breakthrough was achieved with the discovery of a microsomal ethanol oxidizing system (MEOS) and its interactions with xenobiotics [26] . This pathway for alcohol metabolism is independent from that through ADH and catalase, and may be characterized and reconstituted by a semipurified preparation of cytochrome P-450 [31] . An ethanolinducible form of cytochrome P-450 was discovered and subsequently purified from the livers of different species, including rats and humans [17, 32] . Ethanol oxidation, whether by the ADH or the microsomal pathway, results in acetaldehyde production, which may cause cell damage and subsequently increase AST and ALT in blood.
In the present study, all serum markers of G1 were within the normal range [18, 19] , and collagen fibers were observed at the normal amount in the portal areas and interlobular septa of G1, indicating that there was no hepatic damage. Thus, we designated G1 as the control. In G2 and G3 given diet, the alcohol-induced hepatic damage was found to be present at much less magnitude in G2 than in G3. There was an increase of collagen fibers in the interlobular septa of G3 pig livers (Fig. 3C) , while, G2 exhibited no increase of collagen fibers. These data indicated a protective effect of bio-active ceramic water against alcoholinduced hepatic damages and collagen synthesis.
Extracellular matrix constituents in the liver are synthesized by hepatocytes, bile duct epithelial cells, and endothelial cells, but the largest contribution to the extracellular matrix and fibrogenesis comes from mesenchymal myofibroblast-like cells of the liver [1, 2, 6, 8] . In the space of Disse, typical HSC, transitional cells (intermediate between HSC and myofibroblasts), and myofibroblasts have been described [3] and identified with immunohistochemical stain for α-SMA. Another mesenchymal (myo)fibroblastlike cell type in the liver is the portal (myo)fibroblast [28] . The present study showed that myofibroblasts increased only in ethanol + tap water fed group (G3), especially in the interlobular septa, followed by collagen deposition at the site.
CYP2E1 genes play a critical role in ethanol metabolism in the liver. MEOS was found to be strikingly inducible by chronic ethanol consumption, with its key component, namely 2E1, increased 4-to 10-fold in liver biopsies of recently drinking subjects [34] . Chronic ethanol intake changes numerous cellular functions, leading to parenchymal damage. Ethanol is primarily metabolized via cytosolic ADH to acetaldehyde, which is continuously metabolized to acetate in the mitochondria. In the mitochondria, redox reactions convert NAD+ to NADH, and the resulting redox status causes fatty changes, fibrosis, and cirrhosis in the liver. Therefore, inhibition of the CYP2E1 pathway is critical for protection against ethanol-induced hepatoxicity. In the present experiments, we demonstrated a lower activity level of CYP2E1 in the bio-active ceramic water-fed group (G2), while ethanol + tap water-fed group (G3) showed strong reactivity. CYP2E1 is likely to play an important role in the increased generation of reactive oxygen species (ROS) resulting in hepatocyte damage, which is primarily blocked by anti-oxidant enzyme superoxide dimustase (SOD) [13] . It has been reported in our study that eleven proteins were significantly up-regulated in bio-active ceramic water-treated rat liver using by two-dimensional gel electrophoresis and matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) [35] . The most highly expressed protein of these was SOD with up-regulated enzyme activity, which was confirmed by immunoblots as a major antioxidant capable of detoxifying normally generative reactive oxygen species. These data suggested CYP2E1 dependent protecting mechanism via SOD up-regulation of bio-active ceramic water.
Several animal models of alcoholic liver disease have been established [25, 26] . However, ethanol intake has been mainly performed by force feeding in most animal models. Recently, some studies using micropig models of alcoholinduced liver disease have been performed [9, 30] . One study reported that the livers from ethanol-fed micropigs showed increased centrilobular CYP2E1 and protein adducts with acetaldehyde and malondialdehyde [9] . Halsted and his colleagues also found that steatohepatitis occurred in five of six pigs which were fed ethanol for 14 weeks [9] . One study reported that perivenous fibrosis was present in three of five micropigs fed ethanol for 12 months and more extensive pericentral and intralobular fibrosis was noted in one micropig fed ethanol for 21 months [30] . Here, our model is based on the predilection of swine voluntarily consuming ethanol in the diet. Our study was conducted by feeding twelve pigs with 15% ethanol for twelve weeks, resulting in an increase in collagen depositions within the interlobular septa of the liver. Furthermore, increased myofibroblasts and activation of CYP2E1 in the livers of G3 pigs were noted mainly in the interlobular septa and centrilobular areas, respectively. Significantly, portal fibroblasts expressed strong reaction of α-SMA in the interlobular areas. However, the reason of portal myofibroblast expression in the interlobular septa instead of pericentral veins was unclear.
Alcoholic hepatitis is characterized by extensive necrosis and inflammation of the liver. Furthermore, these lesions trigger fibrosis as well, suggesting that this is the main mechanism for the development of alcoholic cirrhosis. Because of the potential role of inflammatory factors in the pathogenesis of fibrosis and cirrhosis, therapeutic antiinflammatory treatments have been proposed. In view of the potential fibrogenic role of cytokines, anticytokine therapy is also being contemplated, using either antibodies, inhibitors of cytokine binding, or regulators of cytokine production [4] . Colchicine may provide a useful approach as an anti-inflammatory agent for the treatment of alcoholic liver injury [11] . In patients with alcoholic liver disorders and hepatitis C, no specific antiviral therapy is currently available as alpha-interferon is contradicted in alcoholics. The increase in collagen accumulation induced by acetaldehyde has been prevented by polyenylphosphatidylcholine (PPC) extracted from soybeans [19] and by its main phosphatidylcholine series, dilinoleophosphatidyl choline (DLPC) [25] . More recently, PPC has also been shown to prevent alcoholinduced steatosis and hyperlipemia [29] and to exert an unexpected but potent antioxidant effect [24] of possible relevance to the fibrosis, since the latter is known to be stimulated by products of lipid peroxidation. PPC is now being tested in humans [4] . However, there have been no investigations of anti-fibrotic efficacy of bio-active ceramic water on the models of hepatic injury.
So far, we don't see any metabolic change in the body system such as gastrointestinal absorption, but we speculated that the bio-active ceramic water was already activated in the ceramic stone treatment before drinking. Further studies for effective component of bio-active water will be needed.
In conclusion, based on the above data, we suggest that bio-active ceramic water may have a protective capability against ethanol-induced hepatic toxicity and fibrosis in pigs, and that having no toxic effect on the pig liver. The bioactive ceramic water can be useful as a therapeutic drinking water in patients suffering from alcoholic liver diseases.
